• 



Appl.No. 09/608,130 



Express Mail No. EV032 108 661 US 
PATENT 



AMENDMENT IN THE CLAIMS 

j X. (Currently Amended) An actuator for providing vibration forc e s in a haptic f ee dback devic e , 
actuator comprising: 

a core member, having a central projection; said cor e m e nd e r b e ing ground e d to a 
ground m e mber ; 

a coil wrapped around saida central projection of said (for e m e mb e r ; 
a magnet head positioned so as to provide a gap bet\yeen said core member and said 
magnet h e ad, wh e r e in said magn e t h e ad is moved in a d e gr ee of fr ee dom bas e d on an 
e l e ctromagn e tic forc e caus e d by a curr e nt flow e d through said coil ; and 

an elastic material position e d disposed in saidygap b e tw ee n said magnet h e ad and said 
core memb e r, wher e in said e lastic mat e rial is compr e ss e d and sh e ar e d wh e n said magn e t head 
moves and substantially pr e v e nts mov e m e nt of said magn e t head past a range limit, said rang e 
limit bas e d on an amount to which said e lastic Mat e rial may b e compr e ss e d and sh e ar e d . 

/ 

jL. (Currently Amended) An actuator as recited in claim/t'wherein said elastic material is 
comprises foam. 



^(Currently Amended) An actuator/as recited in claim << ^wh e r e in said actuator is driven by a 
driv e signal that caus e s said magnet head to oscillat e and produc e a vibration in said ground 
m e mb e r further comprising a controller electrically connected to said coil for generating a drive 
signal 



/ 

(Currently Amended) Ah actuator as recited in claims further comprising at least on e fl e xibl e 



m e mber coupl e d b e tw e en said magn e t h e ad and said ground m e mb e r, said fl e xibl e m e mber 
fl e xing to allow said magn e t head to mov e in said d e gr ee of fr ee dom a first flexible member 
attached to said magnet and said core member . 
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^^/^(Currently Amended) An actuator as recited in clainv ^furth e r comprising a s e cond fl e xibl e 
m e mb e r attach e d to said magn e t at to said cor e memb e r. L further comprising: 
a ground member attached to said core member; and 
a first flexible member attached to said magnet and said ground member . 

^ L 

/ ->6T(Currently Amended) An actuator as recited in claim>4 ^ wher e in said at l e ast on e fl e xible 
memb e r is coupl e d b e tw ee n said magnet h e ad and a ground/surface to a sid e of said cor e 
memb e r. 1, further comprising a first flexible member attached to said magnet and to a grounded 
surface. 

£ y It 

X. (Currently Amended) An actuator as recited in cla^m >Kvher e in at l e ast on e fl e xibl e m e mb e r 
^ is coupl e d to a housing of said actuator. 6, wherein paid grounded surface comprises an actuator 
housing. 



t 

1 0 ^'(Currently Amended) An actuator as recited m claira^wherein said d e gr ee of fr ee dom of said 
magn e t h e ad is lin e ar, magnet is configured to fliove linearly. 

// / ' 

' ySC (Currently Amended) An actuator as reciied in claim Jf wherein said d e gr ee of fr ee dom of said 
magn e t h e ad is rotary, wher e said magn e t ft e ad mov e s in a rotary path, magnet is configured to 
move rotationally. 

/ 1 J<6. (Currently Amended) An actuato/ as recited in claim 9 wh e rein said cor e m e mber and said 
magn e t h e ad include curved surfac e s to form a curved gap, wh e r e in said e lastic mat e rial is 
positioned in said curved gap. wherein: 

said core member comprises a first curved surface; 

said magnet comprises a second curved surface; and 

said elastic material is disposed in a gap formed between said first curved surface and 
said second curved surface. 
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1. (Currently Amended) An actuator for providing vibration forces in a force feedback d e vic e , 
the actuator comprising: 

a core member , said core m e mb e r b e ing ground e d to a gfound m e mber having a central 
projection ; 

a coil wrapped around a said central projection of said" cor e m e mber ; 
a magnet head positioned adjacent to said cor e m e mp e r, wher e in said magn e t h e ad is 
mov e d in a degr ee of fr ee dom based on an e l e ctromagn e tic forc e caus e d by a curr e nt flow e d 
though said coil so as to provide a gap between said core member and said magnet ; and 

at l e ast on e fl e xibl e m e mb e r coupled between /aid magn e t h e ad and said ground m e mb e r, 
said at l e ast on e flexibl e m e mb e r fl e xing to allow sam magn e t h e ad to mov e in said d e gr ee of 
fy<J fr ee dom and providing a c e nt e ring spring forc e to /aid magn e t h e ad, and wher e in said at l e ast 

on e flexibl e m e mber limits said motion of said magn e t h e ad such that said magn e t head does not 
impact a hard surfac e a first flexible member ajyfached to said core member and said magnet . 

I 'J y[. (Currently Amended) An actuator as recited in claim / >fnirther comprising an elastic 
material position e d disposed in a said gap /provid e d b e tw e en said magn e t h e ad and said cor e 
m e mb e r, wh e rein said elastic mat e rial isycompr e ss e d and sh e ar e d wh e n said magn e t h e ad mov e s 
and substantially prevents movem e nt 91 said magn e t h e ad past a rang e limit provid e d by said 
e lastic material . 

1 it> 

I ^ y£. (Currently Amended) An actuator as recited in claim ^fwherein said at l e ast on e first 

/ 

flexible member is coupl e d between attach e d to attached to said magnet head and a grounded 
surface to which said cor e m e mb e r is coupl e d , 

. / ,,, 

14. (Cancelled) An actuator as r e cit e d in claim 1 1 wher e in said at l e ast on e fl e xibl e memb e r is 
coupl e d b e tw e en said magn e /h e ad and a ground surfac e to a sid e of said cor e m e mb e r. 
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^i. (Currently Amended) An actuator as recited in claim wherein at l e ast on e fl e xibl e 
m e mb e r is coupl e d to a housing of said actuator said grounded surface comprises an actuator 



housing . 



(Currently Amended) An actuator as recited in clain^Jy wherein said degr ee of fr ee dom of 
said magn e t head is linear magnet is configured to move linearly . 

w 

yf. (Currently Amended) An actuator as recited in claim y( wherein said d e gr ee of fr ee dom of 
said magnet h e ad is rotary, wh e r e said magn e t h e ad iyov e s in a rotary path magnet is configured 
to move rotationally . 



C 



18. (Cancelled) An haptic f ee dback d e vic e coup/ e d to a host comput e r, said host comput e r 
displaying a graphical e nvironm e nt, said haptic/f ee dback d e vic e comprising: 

a us e r manipulandum physically contact e d by a us e r and moveabl e in at l e ast on e d e gr ee 
of fr ee dom; 

at l e ast on e s e nsor that det e cts a portion of said us e r manipulandum in said at l e ast on e 
d e gre e of fr ee dom and provid e s a s e nsor signal to said host comput e r, said sensor signal 
including information repr e s e ntativ e of pid position; 

an actuator coupl e d to said haptic f ee dback devic e which outputs a vibration forc e 
transmitt e d to said us e r, said force co/r e lat e d with an e v e nt or int e raction within said graphical 
e nvironm e nt, wh e r e in said actuator /nclud e s: 

a core m e mb e r, saia core m e mb e r being ground e d to a ground m e mb e r; 
a coil wrapp e d around a c e ntral proj e ction of said cor e m e mb e r; 
a magn e t head position e d so as to provid e a gap betwe e n said cor e memb e r and 
said magn e t h e ad, wh e r e in sai di magnet h e ad is mov e d in a d e gree of fre e dom bas e d on an 
e l e ctromagn e tic forc e caus e d by a curr e nt flow e d through said coil; and 

an e lastic mat e rial position e d in said gap betw ee n said magnet h e ad and said cor e 
m e mb e r, wher e in said e lastic mat e rial is compressed and sh e ar e d when said magn e t head mov e s 
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and substantially pr e vents mov e m e nt of said magn e t h e ad past a raiig e limit, said rang e limit 
bas e d on an amount to which said e lastic mat e rial may b e compr e ss e d and sh e ar e d. 

19. (Cancelled) A haptic fe e dback d e vic e as r e cit e d in claim Y8 wh e rein said actuator is coupl e d 
to a housing of said haptic f ee dback devic e such that said vij/ration forc e is transmitt e d to said 
us e r through said housing. 

20. (Cancelled) A haptic f ee dback d e vic e as r e cit e d in oflaim 18 wh e r e in said d e gre e of fre e dom 
is a lin e ar d e gr e e of fre e dom, and wh e r e in said magn e y h e ad is oscillat e d in said lin e ar d e gr ee of 
fre e dom to provid e said vibration forc e . 

21. (Cancelled) A haptic f ee dback d e vic e as r e citda in claim 18 wh e r e in said d e gre e of fre e dom 
is a rotary d e gre e of fr ee dom, and wher e in said ryagn e t h e ad is oscillat e d in said rotary d e gr ee of 
fre e dom to provid e said vibration forc e . 

22. (Cancelled) A haptic f ee dback d e vic e a^r e cited in claim 18 furth e r comprising at l e ast one 
fl e xibl e m e mber coupl e d b e tw ee n said magnet h e ad and a ground m e mber of said haptic 
fe e dback d e vic e , said fl e xibl e m e mb e r fl e eing to allow said magnet h e ad to mov e in said d e gr ee 
of fr ee dom. 

23. (Cancelled) A haptic f ee dback d e vic e as r e cit e d in claim 18 wh e r e in said haptic f ee dback 
d e vice is a gam e pad controll e r and spd us e r manipulandum is a joystick mov e able in two 
degre e s of fr ee dom. 

i ^ ( * 

' 24. (New) An actuator as recited An clain^f wherein said first flexible member is attached to said 
magnet head and a ground surface. 
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b JZ^. (New) An actuator as recited in clainv^ffurther comprising a sefcond flexible member 
attached to said magnet and said ground member. 

It s ✓ / 

/ 0 2a (New) An actuator as recited in claim J^f, wherein said elastic material comprises foam. 

^1 pn. (New) An actuator as recited in claimj^ further composing a controller electrically 
connected to said coil for generating a drive signal. 

^^^2^(New) An actuator as recited in claim^ further comprising a second flexible member 
attached to said magnet and said core member. 

$5 J#f.(New) An actuator as recited in claim J^C whe/ein: 

said core member comprises a first curved surface; 
said magnet comprises a second curved surface. 

Jf&(Nvw) An actuator as recited in claims/further comprising an elastic material positioned in 
a gap formed between said first curved surface and said second curved surface. 

ew) An actuator comprising: 
a core member, having a central projection; 
a coil wrapped around said cen t/al proiection; 

a magnet positioned so as to pi^vide a gap between said core member and said magnet; 
and I 

a ground member attached to said core member; and 
a first flexible member attached to said magnet and said ground member. 

p / 7 

yl. (New) An actuator as recited in c\aim3i\ further compnsing a second flexible member 
attached to said magnet and said/ ground member. 
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ew) An actuator as recited in clairn^fT wherein said ground member comprises a 



grounded surface. 



V 



31- 



y(. (New) An actuator as recited in claim 34t wherein said/grounded surface comprises a surface 
of a housing. 



/ ^ (New) A device comprising: 

a manipulandum having a housing; and 



an actuator as recited in clainvf'coupled to/said manipulandum and disposed within said 



V housing. 



O % /5 / 

/^fv* ^3^(New) A device as recited in claim 3#f wherein said manipulandum comprises a joystick. 



/and 
l(6> 



^3^(New) A device comprising: 
(jft & manipulandum having a housing:/ 

an actuator as recited in claim R^coupled to said manipulandum and disposed within said 
housing. 

^££/3tT(New) A device as recited in clairn 37^herein said manipulandum comprises a joystick. 

( 

dimX wherein the elastic material is configured to restrict 



. (New) An actuator as recited in ( 



a range of motion of the magnet or the core member, 
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